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Summary.  —  The  m.-iin  reeiilli*  derived  l)y  K.  \Vi>i.K  and  RiiMaN,  re- 
latiiiK  to  the  |>ro|ia|;ation  of  iteeond-oriler  eonelationx  in  eleelroniagiietie 
fielda  are  >feneralizeil  to  the  caee  of  a  non-slatiotiarv  field  I'lmtaiiiiiiii  eiir- 
reiiH  and  ehartrea.  The  hasie  difTerential  ei|iiatiotis  relatinj;  the  eorrela. 
tioiia  are  derived.  They  fall  into  luo  gronl)e.  one  of  whiidi  eonlaiiiH  only 
differential  e<inalions  of  the  lirel  order,  hot  involves  r(•|•lain  parameters 
that  s»s>m  dillieidt  to  lie  determined  exjierimentally.  When  these  (|uantities 
are  eliminated  a  seeond  set  of  eijiiations  is  ohtained.  Ki|nalions  of  this 
set  are  of  a  hiaher  order  hot  they  eontain  only  thi'  elwlrie  and  the  majf- 
netie  eorrelatioii  tensors  and  a  tetisor  eharaeteriziiiK  the  eorrelation  in 
the  eleetrie  riirrents. 


1.  -  Introduction. 

In  several  papers  ptildi.shed  in  reei'nt  yi-ars  ('■')  a  tiiiilied  fiirninliitiitn  of 
the  theory  of  partial  cohen’iiee  and  jtartial  polarization  was  olitainet),  for  sta- 
tion.iry  ehadromaynetie  fields  in  vacuo.  Tin*  chief  tnalheiiititictil  tools  in 
thi.s  theory  are  certain  eorrelation  tensors  which  descrihe  the  cross-correlation 

(■)  The  research  di'scriheil  in  this  paper  was  supported  hy  the  I'.S.  .\ir  Korce  under 
contract  monitored  hy  the  stMtice  of  .Verospace  lti*search  ».  of  the  Air  Force  ttllii*e 
of  .Scientific  liesearch. 

(M  K.  Woi.K:  y ttoro  t'inientn,  12,  SHt  tlft.'ia). 

i-)  K.  Woi.F;  I'ontrilmtion  in  Prw.  .s'l/inpos,  ion  eii  A  ulrnnnih .  ftptos  (Amsterdam, 
If) 'ill),  p.  177. 

(^)  1’.  Homan  and  K.  Woi.c;  .Vaoro  t'lnienln.  17.  402  I  ItniO).  We  shall  rc'er  to 
reference  (^)  as  paper  I.  Formulae  from  this  pa)Mo  will  lie  denote  I  as  (1  11. I  la)  etc. 

(')  I'.  Roman  and  K.  Woi.k:  .Vioir,-.  f'l'mea/o.  17.  477  (MfiiO). 
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functions  of  the  electromafnictic  field  at  any  two  points  in  the  field.  These 
correlations  tensors  were  found  to  Im*  ridoroiisly  connected  by  a  .set  of  partial 
linear  dilTerciitial  equations.  From  these  equations  a  number  of  conservation 
laws  were  derived.  Some  applications  of  the  theory  were  described  in  refe¬ 
rence  (‘)  and  (•). 

More  recently  Roma.v  (’)  extended  the  theory  to  take  into  account  the 
presence  of  random  charsres  and  cum'nts  and  he  siiwsted  possible  application 
of  the  theory  to  the  study  of  propagation  of  electromagnetic  fields  in  plasmas. 
.Another  pos.sihle  application  of  the  theorx'  may  well  be  in  studies  of  the  pro¬ 
perties  of  the  el»‘ctromairiietic  field  generated  by  an  optical  maser.  For  the 
purpose  of  these  and  other  applications  {e.g.  the  analysis  of  transient  pheno¬ 
mena),  it  is,  however,  desirable  to  extend  the  theory  to  dei-tromagnetie  fields 
that  an-  not  necessarily  stationary.  It  is  the  purpose  of  the  present  paper  to 
derive  the  biL;ic  dilTerential  equations  relating  to  fields  of  this  type. 

In  .S-i'tion  2  the  definition  of  the  basic  correlation  fun'-tions  is  extended 
to  non-stationary  ele<-tromagnetic  fields  containing  charges  and  currents.  In 
Section  3  a  set  of  partial  dilTerential  equations  governing  the  propagation  of 
these  f|nantilies  in  vacuo  is  derived.  These  equations  are  ag  in  linear  partial 
dilTerential  equations  of  the  first  order  hut  they  include  certain  quantities  that 
ap[H-ar  to  Ik-  dittlcnlt  to  deieniiine  ex|aTiir,entally.  These  quantities  are  eli¬ 
minated  in  .Section  4  and  one  is  led  to  linear  partial  dilTerential  equations  of 
higlnr  orders  which,  however,  involve  only  the  basic  cnirelation  tensors  of 
the  theory. 


2.  -  The  defining  equations. 

Let  H,(x.l)  ainl  //,(•*.  0  (/  I.-’.  .'1)  be  the  analytic  signals]")  associated 

with  the  fartesian  components  of  the  electric  and  magnetic  field  vectors  at 
a  typical  field  point  /'(or)  at  time  t.  We  define  the  //cM  mrrrlfilinn  Inimrn  for 
the  non-stationary  case  by  the  relations 

(*,.  Ej.  T,,  T,)  =  '  K,{X,.  T,)  K*{X„  f-T,);  , 

E,.  T,,  T,)  =-  <  fl,{X,.  I  f  T,)//*(E,,  f-  T,)>  , 

C-M)  ^  U,  k  =  1, 2.  .-1) . 

,  (E,.  Ej.  T,.  T,)  =  fi.tE,.  t  -T|) //^E,,  f-r  T|)>  . 

'?„.(E,.  Ej,  T,,  T,)  -=  ^//,(E,.f  ‘  Tj)A’*(E,,f  -T,)  . 

(*J  K.  Wfil.K:  \Horo  13.  lUi.’i  (Itl.M)). 

(^)  H.  I*\KI<K.NT  :uhI  I*.  .Vmoiv*  f'htietitit,  15.  37**  {MW**!. 

*')  I*.  KffM.VN:  \ ftnrtt  20.  7.'»0  ( MHM ). 

C)  M.  UnKN  ;iinl  K.  Wmlk:  VrittviplrM  t*f  iipfivn  (Lfimhm  ami  New  Vtuk),  i 
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Here  the  sharp  brackets  denote  tinie  average,  defined  as  follows: 

-f  Op 

c-*.!')  <F(1  -  T.)  a{t  +  T,)>  Um  ^  Jf'it  +  t,;T)  0{t  +  t.  ;  T)  d< , 

~  OB 

with 


F{t,T)=^F(i)  \‘\<T. 

-0  l<i>2’. 

In  this  special  case  when  the  field  is  stationary,  the  quantities  defined  by 
(lM)  each  become  functions  of  the  dilTerence  t==t,  —  Tj  only  and  the  four 
correlation  tensors  re<luce  to  those  introduced  by  Woi.K  (*)  and  discussed  fully 
by  him  and  Homan 

As  is  easily  seen  from  the  definitions  these  .  .  osors  have  the  following  sym¬ 
metry  relations 

(*!•  *J*  V,,  Ti)  =  (X],  Tj,  T,)  , 

T,,  T,)  Ts,  T,)  , 

(■-*•••5) 

*1,  T,,  T,)  =  *1,  T,,  T,)  . 

Xt,  T,,  Tt)  ^  {X-,  AT,,  Tj.  T,)  . 

Further  we  detlTie  a  ehnngr  eorrrhitioti  Kriilar  by  the  relation 

(IM)  ■A'(.c,,  .r-,  T,.  T,)  (gix,,  /  f  t)o*(x,.  t  J-  Tj)>  , 

where  g{x,  t)  is  iiie  analytic  signal  associateil  with  the  real  change  density. 
Finally  we  intn»du<'e  the  nirrnil  r.irrilntion  Irnmr  ./  by  the  formula 

(2.5)  ■fn(X;.  Xt,  T,,  Tj)  '  i,(x,,  t  T,)/*(Xj,  I  t-  T.j)>  , 


where  /,  (;  =  1,2,  .3)  is  the  analytic  signal  associated  with  a  typical  Cartesian 
components  of  the  elei-trie  current  vt>ctor. 

Obviously  ami  •/  have  the  following  symnictry  relations: 


(2.fi) 


•A*  (X,,  X-,  T,,  T,)  =  ■/>*  {X.,,  X,,  T,,  T,)  . 

X..  T,.  fj)  .tf*,(Xi.  X,.  Ts,  T,)  . 


In  addition  we  introduce,  for  notational  convenience,  the  auxiliary  cor- 
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rpliitions 


Ot,  T,,  T,)  =  M-T,)o*(*„  t  -T,)>  , 

/Jj  (*,,*„  T,,  T,)  =  <H,{X„  <4  T,)o*(4C„  t  f  T,)>  , 

yj*l,  *5t  T,,  T,)  =  <K,{Xt,  <  -(-T,)il(4r,,  I  +  T,)>  , 

ri,,(Xt,  Xt,  T,,  T,)  =  (//>(*,,  t  f-T, )/!(*,,  t  +  r,)>  . 


Thp  quiiiititics  >*,  a,,  /J,.  •/,»  and  r;,*  art*  >;pnpr,iliz:vtioii*  to  non-stationary 

ticlda  of  .nintilar  qiiantitip.^  intriMliii'cd  n-cpiitly  by  Kom.vx  (’). 


3.  -  First  order  differential  equations  for  the  correlations. 

Tilt*  Mawvt'll  piinationN  in  tin*  pn*s(*np«*  of  sonrcpK  may  1h*  writton  in  the 
form 

(3.1)  f,i,tlK,(x,,  /,)  -*  -  U.{Xi.  /,)  =  0  , 

c  ft, 

f|)  ”■  f|)  t 

r 

(3.3)  t)  HjiXt,  t,)  I.T«(*, ,  /,) . 

(3.1)  r; //,(*,.  f,)  .= ». 

wliere  f,u  is  the  coinpletely  antisvniinetric  unit  tensor  of  I^evi-Civita,  i.e.  fn, 
is  J  1  or  —  1  aeeoi'din'r  as  the  sub.serij>ts  (J,  k.  1)  are  an  even  or  an  inbl  per¬ 
mutation  of  (1,  J.  3)  anti  f,i,  -  o  when  two  sntlices  an*  equal.  We  shall  n.se 
supt*rs('ript  I  or  '2  aceortlini:  whether  the  iq)t*r.itor  acts  on  tin*  et)-onlinate.s 
of  or  *3,  i.r. 


If  we  multiply  (3.3)  by  o’Iatj.  f  -  r,)  ami  aveni^re  tiver  f,  we  obtain,  if  we 
abo  set  I,  —  t  rT, 


rj •  T, )<»*(*-.  t  •  T,.)  '  =  T, )<»•(*,,,'  4- T,)>  . 

If  we  use  the  notation  introiluft*tl  in  the  precetliiiu  st*etion,  this  n*!ation  lM*f  omes 
(3..-.) 

n 


r'lxjx,.  X,,  T,.  Tj)  ---  Irr  /{.»,.  *3.  T,.  r,) . 
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Next  we  multiply  (3.3)  by  t  +  r,)  und  average  over  t.  Tlii.s  gives 

the  relation 

(3.6a)  *1,  Tit  T,)  =  4.TX*,  (x,,  t,,  t,)  . 

If  we  start  from  the  eomplex  eonjugate  of  (3.3)  with  *, ->x,, 

multiply  the  e(]Hation  by  >>  (*,,<,),  set  /,  ,  <,  =  t4-T,  and  aver¬ 

age  over  t,  we  obtain 

cj<i',(.r,,  t  4  T,)  A’*(x,,  1 4-  t.)>  =  4.-i<Bj(x,,  t  4-  r,)  !>*(x,,  t  -j-  r,)>  , 


(3.66)  *1.  T,,  Tj)  =  4.-ra,(x,,  Xj,  t,,  t,)  . 

The  two  eqs.  {3.6a)  and  (3.06)  an*  generalization.s  to  a  non-.st!itionary  field 
eontaiiiing  currents  and  charges  of  eqs.  (I.  3. 13a)  and  (1.3.136)  of  llOM.w 
and  'Voi.K.  These  etpiations  give  the  connection  between  <f,i,  and  x,.  It  ap¬ 
pears  that  tf,,  is  a  measurable  quantity.  On  the  other  hand  X)  can  hardly 
he  measured,  although  it  has  a  definite  phy.sical  meaning,  i.e.  it  represents 
thi>  correlation  between  the  charge  density  and  the  el(‘ctric  field. 

Further  we  oittain  from  (3.3)  in  a  similar  way.  the  following  two  equations: 

<]  T,,  Tj)  =  4.T/t*(Xj,  X,,  T,,  T,)  , 

f)  ?t4x,.  Xj.  T,.  t.)  -■  t.-T/f,.(X,,  X...  T,,  Tj)  . 

These  c(|uations  cannot  Im*  consiilena!  as  basic  e(|uations,  since  tiie  quan¬ 
tities  fi^  and  fi*  are  again  not  measnndile.  However,  if  the  field  is  free,  thi'se 
equations  turn  our  to  Im>  more  meaningful.  In  tliat  case  ffi.  ■ /f*  and 
the  equations  then  represent  divergence  conditions  on  '■'f  anil  .»  and  ar*'  gene¬ 
ralizations  of  the  simple  divergence  relations  (I.  3.1  la)  and  (1.3.16)  for  the 
stationary  case. 

P'rom  (3.1)  we  can  reailily  obtain  other  divergence  iclations; 


(3.7a) 

']  (*!•  T,,  T,) 

=  t) 

(3.76) 

X-,  T,.  n.) 

=  0 

(3.Sa) 

')  ^,l{x,,  X-.  T,.  Tj) 

r  1) 

(3.86) 

'1  *tt{x,.  X.,  T,.  Tj) 

==  0 

These  four  c(|Uations  have  respectively  the  .same  form  its  e(|s.  (I.  3.1  oa),  (I.  3.  l.')6), 
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(I.  3.firt)  and  (I.  S.lttft).  This  is  so  bppause  thi*  startiuK  eq.  (3.4)  from  which 
they  an*  deiived  is  the  .same  as  in  ttie  source  free  ease. 

Next  we  .shall  derive  the  correlation  e»juation  which  relate  the  correlation 
tensors  rf,*,  ij,*,  y,t  and  J,t.  These  equations  can  be  obtained  from  (3.2). 

.Multiplying  (3.2)  by  i*(x,,t  +  T,)  and  u.sinjr  the  same  ptwedure  of  aver.i)rin>{ 
as  bedore  we  obtain  the  formulae 

{x„  <  +  T.)i;(x„  <  +  r,)>  —  -  J-  f  +  Ti)»!(x„  /  +  t,)>  = 

C  CTi 

•\lC 

==  —  <  i-T,)  it(X„  I  +  T,)>  , 

I.#*. 

(.).P)  .*1*  "ei*  Tj)  V  )%n(^l*  lf|*  Vj)  — ■  ^1*  ^1*  ^l)  ■ 

e  cT,  e 

This  is  one  of  the  re(iuired  correlation  e<iuations  but  it  seems  lietter  not  to 
re};aril  it  as  a  basic  equation,  because  ir  contain.:  the  (|uuntities  ij,,  and  y,, 
which  app<'ar  to  he  ditlicult  to  nieasiins  althoufrli  they  have  a  well  dehmsl 
physical  meaning.  This  equation  is,  however,  ust-fni  for  derivin>:  corndalion 
e<iuations  am''nir  atnl  This  will  he  ilone  later. 

.Next  we  mnltijily  (3.2)  by  //*(x..  I  ■  r,)  and  .s«*t  auti  r  rt,  -c/rri 

and  averasied  over  /.  Tliis  leads  to  (he  relation 

f  //.(X,.  I  -  T,)//t(X3.  /  Tj)  -  -  /  /i'dx,.  t  er,)//I(X,.  t  *  T,) 

e  'T, 

=.  i,(x,.  I  -  r,)  //*  (X,.  t  r,)  , 

c 

i.f.  V 

(.l.lOfi)  f,,,/*;  ,;r„(x,.  Xi.  T,.  r,)  -  -  /  X,.  r,.  Pj)  ^ 

r  fT, 

Lt  * 

^l)  • 

r 


Takine  the  complex  eonjiiL'ate  of  (32).  chantdii!:  x,  -x.,  t,  ^»fJ  and  chaiuf- 
in(f  tin*  indices  (J,  k.  I)  ti>  in,  n,  h)  we  llnd  that 


f  I,}  —  -  1^  A.'!(Xj.  /,)  »I(Xi.  f,) . 


We  multiply  the  alH»ve  ef|nation  by  //,(.r,.t|).  set  f,  ;/  r,,  tj  =  f  f  Tj  ami 
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averajl'^  over  t  as  before.  This  le-ads  to  the  formula 

:  -r  Tj)  //,(*!.  t  ~  T,)>  —  -  <K{Xi,  t  -f  rt)H,{Xi,  t  -f  t,)>  = 
e  cT, 

t+T,)£f  (Jt,,  t+T,)>, 

c 


(3.106)  f«  (jEi)  Ti*  T*) 

r  CTj 


4st 

r,.  T,)  =  y  Jl:Jx„  X„  T,,  T,)  . 


(.'i.lOrt)  and  (3.106)  jrive  relations  anion^  '^im  ami  i)*y  and  ainonfi  .Jf,*, 

and  fi,„.  Therefore,  if  .14^, „  and  are  known  from  experiment  the 
quantity  »)*,  whieh  cannot  be  mea.siired  directly  can  then  be  evaluated.  When 
the  fleltl  is  free  these  two  e<iuations  reduce  to 


f/n'l  (.*,.  1,.  '9,.  (*,.  *3.  T,.  T,)  =  0 

C  rT| 


and 


1  r  -• 

C  f  T  -i 


resp«-cfively.  These  two  equations  are  {reneralizations  tf>  a  non-stationary  field 
of  the  e<is.  (I.3.I2u)  and  (I..3.rj6). 

.\lso  from  (.3.2)  the  same  procedure  as  b«‘fore  leads  to  the  followiiut  equations: 


^  I  Jrr 

(3,1  Irt)  r.,,rl'//i^iXi.  Xf  T,.  T,) - .  -  lf,Jx,.  X..  T,.  T,)  -  -/‘/(Jt,.  AT,.  T,.  T,)  , 


1  T 


bt 


(.1.116)  ^  ni !  ^  k  ni^i*  r,,  Tj)  ..  ffj„(jr],  JTj,  T,,  Tj)  y,.,(jf)*  JCj,  r,,  Tj) 


r  rr. 


With  the  help  of  these  eqi.atiotis  one  can  evaluate  the  quantitit's  y* .  and 
7,„  from  the  knowledge  of  4]„,  and  In  the  case  of  a  free  field,  the 

ritrht-hand  sides  of  the  equations  vanish  and  these  e(|uations  are  then  {jene- 
rali/atioiis  to  a  non-stationary  free  field  of  eqs.  (1.3.1  In)  and  (1.3.116). 

The  reniaininsr  correlation  equations  may  be  derived  from  eq.  (3.1),  which 
is  the  same  as  for  the  free  field.  Or"  obtains 


f  f  — 

(  3.12n)  *J.  T,,  Tj)  -Ir-  -  -If,.!*,.  X..  T,,  Tj)  f) 

C  fT| 
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.Makitif;  use  of  the  .symmetry  properties  (2.3),  one  readily  finds  from  (3.12a) 
that 

1  ?  - 

(3.12A)  f.  ,<;<f„(*„  X.,  T„  T,)  +  -  -f.!*!,  *1,  T„  T,)  =  0  . 

C  C  Tj 

One  al80  ohtainA  from  (3.1)  the  equations 


(3. 13e)  fj*(  *1*  T*)  "i"  -N  ^s)  — » 

C  (  Tt 


(.3.1.3ft)  *1,  T,.  Tj)  +  -  *.AXt,  JC,,  T„  T,)  =  0  , 

e  f  T, 


The  above  four  equation.s  apply  to  a  field  whether  or  not  it  eontaina  eur- 
rent.s  and  char^e.s.  Equation  (.3.12rt)  (rives  simply  the  relation  larween  »f„ 
and  and  (.3.12ft)  (tives  the  ndafion  l)etween  /f,»  and  and  so  forth. 
The.se  equatir)n.s  are  ireiieralizaticns  to  a  non-stationary  field  of  the  eqs.  (I.3.i)a), 
(I..3.0ft),  (1.3, 10a)  and  (I.3.10ft). 


4.  -  Higher  order  differential  equations  for  the  correlations. 


The  dilTerential  er|iiation.M  derived  .so  far  contain  derivatives  of  order  not 
hiclier  than  the  first.  Some  of  the  equations  contain,  however,  the  auxiliary 
<|uaMtities  a,,  /f,,  y,,,  and  »/,*.  It  is  pos.sil>le  to  eliminate  these  (piantities  com¬ 
pletely  and  one  is  then  lead  to  dilTerential  equations  of  hicher  oisler,  which 
ai)[a'ar  to  tw*  more  basic.  These  equations  will  now  In*  lerived. 

Substitutin{r  (.3,0ft)  into  (.3..3)  we  arrive  at  the  swor.d  oriler  « divergence 
ec|uation  »  which  (rives  the  ndation  lad  ween  if,*  and 

(1,1)  P/lt^Jx,.  Jf,.  r,.  T,)  10.T»./(jt,,  X„  T,,  T,). 

On  multiplyin(r  (3.10ft)  by  we  o))tain  the  equation 


I  p 

f  \  ^ T|*  T*)  — ■  —  f,*/  fl  .  -*1^  T|,rj)  -~ 

r  f  r, 


-I  I  N 

—  ^/tl*  Tj)  f 

r 
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Therefore,  usinj;  (3.9),  it  follow-s  that 


1  3 

(4.-)  f  Xjj  T|  t  Tj)  —  €jkt(  l  T|,  Tj)  — 

C  ^^2 

1  ^  4  ^  ^ 

—  -  ^  *j,  T,.  T,)  +  -j--  <^,.(•*1,  *j,  T,,  T,) 

C  i/T|  U* 

—  ■**«  Tj)  . 


If  tlie  field  is  stationary,  then  relations  of  the  followin};  form  may  be  used: 

<P(*,,0«’(*„  f-T)  =  <F(jt„  t  +  T)«*(4e„0>  . 

We  may  then  replace  r/f  T, ->•  c/rr  and  f  /^T,  -«• — cj^r,  since  in  this  case  wa 
put  1,  =  1,  /j  =  /  —  T.  Therefore  eq.  (4.2)  becomes 


? 

?•  _ 


1  ^ 

r*  ?T* 


]6;i* 

c» 


This  is  just  the  e<iuation  derived  by  Roman  (’)  for  tiie  stationary  ea.se. 

I’lirther  we  can  deriA-e  a  correlation  equation  which  contains  only  <f  and 
This  can  be  done  by  eliminatin},  ^  from  (3.18rt)  and  (3.126).  We  apply  the 
operator  (1 /c)(r.'rT.,)  to  eq.  (3.13(i)  and  obtain  the  relation 


1  r  1  c* 

fa/f]  -  »J,  T,.  Tj)  -f-  ,  ,  .;t^„(*,,  T,.  Tj)  =  0  . 

C  f  Tj  0*  CTiCT, 


.Substitutiii};  (3.126)  into  the  above  equation,  we  find  that 

1  ?' 

( 1:3)  e„,F,  irjrj<f,»(x,,  x,.  r,.  t,)  —  ^  ,  ,  ■>t':.(x,,  x,,  t,.  t,)  =  0  . 

€  f  T,  ^  T, 


it  should  be  noted  that  this  equation  (anitains  only  o  and  tensors. 

.Also  Ave  can  eliminate  and  ^  from  (4.2).  To  do  this  Ave  first  chanjre  the 
indices  in  (3. 12f()  as  follows:  }-*l,  k-^-n,  We  then  apply  the  ope¬ 
rator  and  obtain  the  equation 

J^„,(x,.  x„  T,,  T,)  -1-  -  Fjtirl  5',„(x,.  Xj,  T,,  T,)  0  . 

C  f  T, 

Utilizin';  the  Avell-knowii  identity 
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wliere  6  i»  the  Kronecker  gynibol,  we  obtain  the  equation 
(4.4)  *„  T„  T,)  —  4f„  T,,  T,)  f 

I  -I  3 

+  *«’  ’■it  T.)  =  0  . 

e  cxi 

In  a  -milar  way  we  obtain  from  (3.126)  the  relation 


(4.:>)  {Xij  Tif  Tj)  Tj)  -f* 

+  ^  *„  T„  r.)  =  0  . 

Applying  the  operators  (i/c’XrVrrJ)  and  (l/f‘)(?*/?T|)  to  the  eq.s.  (4.6)  and 
(4..i),  respectively,  we  have 


(4.4)' 


(4..i)' 


‘  -.1  ^  ^  "Z  ,  X 

*  n-j  "  (^1*  “^i)  — 

C  f  Ti  fTj 

C*  *»•  ^‘t  '  *  **"  **’  ’ 

1  ?  e  ^ 

—  (*!'  -*«’  ’’it  ’■«)  = 

J  f'j  ^  J  pi 

~  ^ •  rj)  ~  •  x^f  T|,  Tj) . 


wlRtre  (1  =  1,2). 

Next  we  apply  the  oiRwator  (1  V’)(f /cTiXr/t'T,)  to  (4.2).  This  (fives 


(l.tl) 


1 


f/i  /  f  dfl*  i  i 

t‘*  fXi  CT, 


l  *1  I  f*’  '*  .  1B57*  ^ 

e*  CTjfT,  p'fTjfTj  C*  f’T,  ?T, 


.Substittitinj;  (4.4)'  and  (4..5)'  into  (4.6),  we  finally  obtain  the  equation 


-  I  ^  e  1  1  r** 

(■!•”)  j  EynEi... V-- f  -f  i -j  ry'f  jtf,, —  4- 

e*  rr,  f T,  p*  ft;  r'  Pt; 

I  ?•  1  ,1  r'  r*  -  I6.n*  t'«  ^ 

p’  f  Tj  p»  f  tJ  r*  r'Tj  r  rj  c‘  rr,  ?t. 

For  the  stationary  ease  equation  (1.7)  reduces  to 

p«[ 

Cy'i'f*.-'-  c»'»<^y. —  c«c«'fyy-i 
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as  can  be  seen  by  setting  ?/0t,  =  0/ct  and  ?/?t,  =  — 3/0t  in  (4.7).  It  is  of 
interest  to  note  that  the  term  appearing  under  the  differentiation  sign  0*/3t* 
{i.e.  the  term  in  the  large  bracVet)  Ls  identically  equal  to  zero  in  the  analysis 
of  Roman  relating  to  the  stationary  ease. 

Further  we  can  eliminate  JF  from  eq.  (4.7)  with  the  help  of  eq.  (4.3).  The 
resultant  equation  is 


(4.8) 


clc]dldlS,.-  + 

+  h  Si  ?  ft  +  'i  ft  i  ft  + 


^  e“*  0tJ‘  drl  ~  l*~'dTTdu  ■ 


This  equation  contains  only  the  electric  correlation  tensor  S  and  the  current 
correlation  tensor  J . 

If  the  current  correlation  tensor  J  is  given,  the  eq.  (4.8)  represents  9  equa¬ 
tions  for  the  9  components  of  g.  These  equations,  with  the  subsidiary  con¬ 
dition  (4.1)  make  it  in  pnnciple  po8.sible  to  determine  g  from  the  knowledge 
of  Once  g  is  known,  the  magnetic  correlation  tenser  ■W’  may  be  determined 
from  eqs.  (4.3)  subject  to  the  « divergence  relations  »  (3.8a,  6).  Finally  one 
may  determine  the  correlation  tensors  'S  and  '3  by  substituting  for  g  into 
eqs.  (3.12(1,6)  or  by  .sub.stituting  for  W’  into  (3.13a,  6). 


The  author  wishes  to  expre.ss  his  sincere  thanks  to  Professor  Bxil  Wolf, 
who  suggested  this  problem,  for  continued  encouragement. 


RIA.SSrNTO  (•) 

8i  gener.'ilizz.'iiio  al  ca»o  <li  an  ranipo  non  staziimario  rontenente  rorrenii  e  cariche, 
i  priiK'ipaii  risiiltati  derivati  da  E.  Wolf  e  P.  Kom.vn,  relativi  alia  propagazione  di 
corielazioni  di  sepondo  ordine  nei  ranapi  eletti<>ma,qietiri.  Si  derivano  Ic  eqnazioni 
differetiziali  fondamentali  relative  alle  correlazioiii,  Qneste  eqiiazioni  si  dividono  in 
due  gnii»pi.  uno  dei  qnali  confieiie  sido  eqiiazioni  lifTerenziali  del  prinio  ordine.  ma 
coniporta  alemii  paranietri  ditHeili  da  determinare  soeriinentalmente.  Se  si  eliminano 
(|ueste  qnantitif  si  ottieiie  un  aeeomlo  gnippo  di  eqiiazioni.  die  smio  di  ordine  pin  elevato, 
ma  contengono  solo  i  tensori  di  eorrelazione  eleltrici  e  iniignetiei  e  nn  tensore  che 
caratterizza  la  eorrelazione  nelle  eorrenti  elettridie. 


S 


(*)  TrntIuzUnif  a  rura  tlrlla  l’r*IazioHf. 


